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ARE THE SPIRAL NEBULAZ EXTERNAL GALAXIES ?* 


By A. C. D. CROMMELIN 


5 HIRE has been a succession of remarkable changes in the 


views generally held by astronomers as to the nature and 
character of nebulz since Sir W. Herschel began the systematic 
study of them with his giant reflectors. Messier had anticipated 
him in making a catalogue of nebulz, but his instruments were 
too small to reveal the details of their structure, so Herschel for 
a long time had this field to himself. It is most instructive to 
trace his gradually changing views on their nature. As he 
found that he could readily resolve many of Messier’s nebule 
into star-clusters, naturally his first thought was that they were 
all of this character. But by very acute reasoning he at length 
established that the nebulous envelopes round certain stars were 
not stellar, but consisted of some shining fluid, diffused over 
immense regions of space. He afterwards extended this conclu- 
sion to the planetary nebuleze, the Great Nebula in Orion, and 
some other large regions covered with a faintly glowing veil. 
He anticipated Laplace in conjecturing that this fluid might 
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gradually condense into suns and systems. He supposed that 
the resolvable nebulze and star-clusters were distant galaxies, or 
island-universes, far outside our own, and he estimated their 
distance, using the assumption, which was the only one available 
to him, that all the stars are equal in intrinsic lustre, so that 
their distance can be inferred from their brightness. It is rather 
strange that he failed to detect the prevalence of the spiral 
structure in the non-gaseous nebulz, and so missed one import- 
ant analogy between them and the Galaxy. His estimates of 
their distance are quite of the same order of magnitude as those 
now accepted. For example he assumed the Great Nebula in 
Andromeda to be the nearest of them, at a distance of about 
15,000 light-years ; he considered that he could see signs of 
resolvability in it; the distance of these nebula whose light 
appeared perfectly milky he took to be four times as great. He 
made what appears to us a curious error of judgment in his dis- 
cussion of the Dumb-bell Nebula in Vulpecula; he imagined 
this to be a long column, pointing exactly towards the earth, its 
nearer part being resolvable, its farther part irresolvable. Later 
on, he saw the utter improbability of such an assumption, and 
that in the case of any structure that presents a more or less 
round outline to us, we must assume its depth in the line of 
sight to be of the same order of magnitude as its length and 
breadth. 

Sir William Herschel’s instinct and sagacity led him to 
anticipate the results of later workers to an astonishing degree. 
At a time when not a single stellar parallax was known, he 
adopted O'S for the parallax of Sirius, the true value being 
0-37. When only a few stellar proper motions had been deter- 
mined, he deduced the apex of the solar motion with wonderful 
accuracy. The first value that he gives, R.A. 266°, North 
Decl. 38°, was derived from only six stars, Sirius, Arcturus, 
Capella, Vega, Aldebaran, Procyon; yet it is within a few 
degrees of the modern position, which is based on the motions 


of thousands of stars. One would have expected that the speed 


of the sun would have been an insoluble problem for him. Yet 


} 
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the value he gives, 11 kilometres per second on his assumption 
of the distance of Sirius, or 15 km. if we substitute its true 
distance, is not very different from the modern value of 19 km. 
which has been derived with the aid of the radial velocities, 
determined by the spectroscope. I think the most striking 
instance of his sagacity is his detection of the division of nebulz 
into two wholly distinct classes, the gaseous and the stellar. 
He was in advance of his age in making it, and did not carry all 
his contemporaries with him, 

The next advance in our knowledge of the nebulae was 
made by the great Rosse reflector, erected in 1845, about a third 
of a century after the close of Sir W. Herschel’s career ; both in 
size and in the reflective quality of the mirror it was far superior 
to those of Herschel; it gave magnificent pictures of star-clus- 
ters and nebulz, and succeeded in resolving some of the latter, 
that had defied Herschel's efforts, into stars. But the appear- 
ance of resolvability was sometimes delusive; thus it was 
announced that the brighter portions of the Orion Nebula and 
of the Dumb-bell Nebula had been resolved into stars. Sir John 
Herschel, in Outlines of Astronomy, says: ‘* The brighter por- 


tion (of the Orion Nebula) near the trapezium .... when exam- 
ined under the great light of Lord Rosse’s reflector .... is evi- 


dently perceived to consist of clustering stars. There can, there- 
fore, be little doubt as to the whole consisting of stars.’’ The 
effect of these announcements, and the similar ones of Bond in 
America, was the abandonment of the ‘‘Shining Fluid’’ 
hypothesis ; it was now supposed that all the nebulz were dis- 
tant galaxies. But this view did not hold the field for long. 
On August 2, 1864, Huggins directed his spectroscope to the 
planetary nebula in Draco, with the well-known result that its 
spectrum was a bright-line one, indicating a gaseous formation, 
and vindicating Sir W. Herschel's Shining Fluid. The spectro- 
scope divided the nebulze into two great classes, the ‘‘ white’’ 
with a continuous spectrum, and the ‘‘ green ’’ with a bright-line 
one. By a swift reaction the ‘‘ external galaxy ’’ view was gen- 


erally abandoned, and it was considered that all the nebulz be- 
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longed to our star system. The continuous spectrum of some 
of them was interpreted as an indication that a considerable 
degree of condensation had been reached. All this time our 
knowledge of the size and shape of our stellar system was grow- 
ing. The determination of the proper motions of a great num- 
ber of stars, added to the spectroscopic determination of their 
radial velocities, enabled a good estimate to be formed of the 
distances of various classes of stars. ‘The general conclusion was 
that the sun lies somewhat excentrically ina great system of 
hundreds of millions of stars, the shape of the whole being 
flattened like a bun. It is supposed to extend to a distance of 
one or two thousand light-years on either side in the flattened 
portions, while in the direction of the galaxy it extends three or 
fourtimes asfar., It isencircled by the star-clonds of the galaxy, 
perhaps forming a spiral with two or more whorls, 

Photography brought about a great increase in our knowl- 
edge of nebular structure, showing that the spiral form, which 
at first was thought to be extremely rare, was in reality the 
usual configuration of the white nebule ; the astronomers at the 
Lick Observatory announced that their photographs taken with 
the Crossley Reflector indicated thousands of small spiral nebulz. 
Photography showed that the Great Andromeda Nebula was a 
spiral, seen somewhat obliquely, and many people were struck 
by the resemblance between its figure (a central glow, surrounded 
by two or three whorls of a spiral) with that which had been 
deduced for our own star-system. The theory that these nebulze 
are external galaxies began to be mooted once more, and such 
great authorities as the late Sir D. Gill and Professor Eddington 
gave their approval to it. The problem is among the most diffi- 
cult that the astronomer has to face, and it is necersary to call to 
our aid every particle of evidence concerning their distribution, 
their spectrum, their motion, both radial and apparent, before 
coming to a decision. Nor can we expect that the decision 


when formed will be absolutely final ; the extraordinary pendu- 


lum-like swing of astronomical thought on the subject during 
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the last century is a warning to us to be cautious, and to antici- 
pate the occurrence of further changes of view. 

Since the galaxy was recognised as the backbone of the 
whole stellar system, an important step in the investigation of 
any class of bodies has been the study of how they are grouped 
with reference to the galaxy. 

Wolf-Rayet stars, which have probably been formed from 
planetary nebulz at a comparatively recent date, are strongly 
concentrated in the galaxy ; so are diffused gaseous nebule, and 
loose star-clusters ; ‘the same is true of Nove, with two notable 
exceptions, Nova Coronz Borealis of 1866, and the Nova of 1885 
in the Andromeda nebula, All the above objects, except the 
two last, undoubtedly belong to our own star system. 

The status of the globular star-clusters is somewhat difficult. 
A catalogue of them, from the Franklin-Adams photographs of 
the whole sky, was published by Mr. Melotte in 1915. Out of 
82 globular clusters, 65 or over three-fourths of the whole are 
within 30° of the galaxy ; on the doctrine of chances we should 
expect one-half of them to be outside the 30° parallel, and we 
only find one-quarter. 

Hence, I think it is clear that most of the globular clusters 
are members of our own star-system, though a few of those 
which have high galactic latitude may be external systems. It 
is to be noted that there is a cause which might diminish the 
number near the galaxy, in case of their being external objects ; 
this isthe probable absorption of light by the amount of dark 
nebulous matter which has been found to exist in the galactic 
region. Sir W. Herschel noted a century ago, that there were 
regions notably devoid of stars at the side of many of the galac- 
tic nebule. The introduction of photography has lent precision 
to the examination of this point. Colonel Hills on presenting 
the Gold Medal of the Royal Astronomical Society to Professor 
Wolf, spoke of the evident existence of star-caves, or empty 
regions, by the side of the nebulz. 

‘* So accurately does the outline of the star-cave follow that 


of the nebula, and so rapid is the falling off in the number of 
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stars, that it would be possible to make a drawing of the nebula, 
without seeing it at all.’’ Professor Barnard has also made a 
study of these regions of dark nebulosity, whose existence is 
quite established. The total light absorbed by them must be 
very great, and we could not reasonably expect to see objects 
external to our galaxy in regions where this opaque matter 
abounds. Since it is just in the galactic region that we find the 
clusters concentrated, the inference appears plain that they are 
nearer to us than the opaque matter. The case is different when 
we study the distribution of the spiral nebulxe. They appear to 
avoid the galaxy ; it was noted by Sir W. Herschel that a re- 
markable congeries of nebulze in the region of Virgo and Coma 
Berenices was close to the north galactic pole. Mr. Hardcastle 
has made a catalogue of the nebulze recorded on the Franklin- 
Adams photographs. Though it does not include a very large 
proportion of all the known nebula, it has the advantage of 
covering the whole sky on a uniform system, free from any 
possible bias. Mr. Hinks gives the following analysis of the 
results. The sky is divided into six equal regions, of which N 
and S have the galactic poles in their centres, while A, B, C, D, 
are arranged symmetrically round the galaxy, each covering {0° 
of longitude. The second and third columns show the numbers 
of spiral and spindle shaped nebulz in each of the regions. ‘The 


spindles are supposed to be spirals seen obliquely : 


Region Spirals Spindles Sum 
N 79 ris i8S 
: 52 5! 103 
A I 4 5 
Lb 13 4 27 
Cc 12 9 
Db 23 34 57 


For comparison we may refer to the distribution of the faint 
nebulz discovered at Mt. Wilson, of which Professor Campbell 
gives a diagram in his recent work ‘* The Evolution of the Stars 
and the Formation of the Earth.’’ The diagram extends from 


the north pole of the equator to south declination 22!%°, and is 


divided into compartments, each of which approximates in size 
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1/100 of a hemisphere. The four compartments round the north 
galactic pole have 227 nebulz, or 57 per compartment ; the next 

zone of 24 compartments has 288, or 12 per compartment ; the 

next zone of 53 compartments has 279, or 5 per compartment. 
South of the galaxy, the two compartments near the galactic 

pole have 48, or 24 per compartment ; the next 11 have &3, or 8 

per compartment ; the next 40 have 110, or 3 per compartment. 

A study of the figures makes it clear that there is really a 

very rich nebular region near the north galactic pole, and one of 

less marked richness at the south pole. The nebular density 

falls off rapidly and continuously as we approach the galaxy. 

y If the effect is due to absorption by dust and dark nebulous 
matter in our own system we should expect the effect to be uni- 

form and small for a considerable distance from the galactic pole, 

and only to become striking when we approach near the galactic 
plane ; the facts are not in good accord with this. Professor 
Campbell decides against the absorption explanation ; he says: 

‘* Tf the light from very distant nebulz is absorbed or obstructed, 

as a function of the angular distance from the galaxy, the 
nebulz near the galactic poies ..... should on the average be..... 
brighter than those near the galaxy; moreover long-exposure 
photographs on regions near the galaxy should record neuble in 
numbers more nearly equal to those recorded by short exposures 
near the galactic poles. An examination of photographs with 
the Crossley reflector has led to negative results on this question, 
and we must assume that the spiral nebulze really avoid the 
galaxy.’’ It seems to me, however, that there is an escape from 
this conclusion ; study, of the galactic photographs makes it 
appear probable that where an opaque screen is present it com- 
pletely hides all stars or other objects behind it; the stars that 
are seen in these regions are nearer to us than the screens, It, 
therefore, appears quite likely that these opaque veils might hide 
the spiral nebulze in patches ; these patches being few and far 
between at the galactic poles, but becoming more numerous as 
we draw near to its plane. The patches would hide all nebule 


that lay behind them, but would have no effect on the nebulae 


} 
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that were seen in the spaces between them. Of course it is 
obvious that if the avoidance of the galactic plane by the spirals 
is real and not merely apparent, this would prove decisively that 
they are connected with our own star system; but my sugges- 
tion of opaque matter in patches seems to give a reasonable ex- 
planation of the observed distribution. 

Indeed, in any case the evidence seems to suggest that they 
lie outside the stellar system; for if they lav inside it, thev 
would be comparatively near us; in this case it would be most 
improbable that they would group themselves symmetrically 
about an axis through our sun at right angles to the galactic 
plane. The grouping would probably be about an axis through 
the centre of the galaxy. According to Charlier, this centre is 
at a distance of some 500 light-vears from the sun, in the direc- 
tion of the constellation Carina; this would be likely to produce 
a marked parallactic displacement from the galactic axis, if the 
nebule lay within the star-system, We see, therefore, that the 
distribution enables us to assert with tolerable confidence that 
the spirals are external objects. 

A possible alternative view would be that they are emana- 
tions driven off in some manner from our star system; this 
might have been reasonably entertained before the detection of 
their very high radial velocities; but if these are accepted it is 
very difficult to believe that matter could be expelled from the 
poles of our system (the regions of minimum concentration ) 
with a much greater speed than we find in any of the bodies 
within the system. : 

This leads us on to the consideration of the spectroscopic 
evidence of the status of the spirals. The study of their spectra 
has always been more difficult than that of the gaseous nebula, 
for the light of the latter is concentrated in a few narrow bands, 
while the spirals show a continuous spectrum, but a very faint 
one, owing to the intrinsic feebleness of their luminosity. Thus 
Huggins at first thought that the spectrum of the Andromeda 


nebula was deficient at the two ends, but subsequently was able 


to trace it further, For some time photography could no more 
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than show the continuous spectrum, but at length, by the use of 
large instruments and long exposure, spectra resembling that of 
the sun were obtained; in some cases bright lines have been 
detected, making the spectrum resemble that of the Wolf-Rayet 
stars. 

A spectrum of this type seems to imply that, at least, some 
of the nebular light comes from bodies in a sunlike state, but it 
does not prove that the whole nebula is composed of stars. 
There is no doubt about the non-stellar character of the Pleiades 
nebulae, and yet Slipher obtained a spectrum of the Merope 
nebula closely resembling that of Merope itself ; he inferred that 
the nebula consists of scattered dust, which reflects the light of 
Merope. ‘There have not been wanting astronomers who inter- 
pret the spectra of the spirals in the same way, asserting that 
the central star, which lights them up, is veiled from us by an 
opaque screen, so that we merely receive the light reflected from 
the dust; it appears to me that this hypothesis requires a very 
improbable arrangement of the opaque screen ; it would have to 
lie in every case exactly between the central star and our system, 
so as to hide it from us, while leaving it free to light up the 
nebula. 

The spectrograms threw light in another way on the nature 
of the spirals ; this was by the enormous speeds both ot transla-. 
tion and of rotation that were revealed; thus the Andromeda 
nebula was found by Slipher to be approaching at the rate of 
500 kilometres per second ; and still higher radial speeds, one of 
1100 kms. per second, were found in other cases. These have 
now been confirmed by several observers, and unless they arise 
from some peculiarity of the nebular spectrum, not from radial 
motion, they are decisive in locating the spirals beyond the con- 
fines of our galaxy, for we must assume that the motions across 
the line of sight are of the same order of magnitude as the radial 
ones, so that there would be sensible proper motion unless the 
distance were very great. It is true that we do not know these 


proper motions accurately, but enough work has been done on 


them to show that they are small. The spirals give greater 
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facilities for measuring proper motions than gaseous nebule do, 
for they have generally some fairly definite knots of luminosity, 
admitting of accurate measurement by photography. The 
rotatory motion that the spectroscope revealed was unexpected 
and startling; in the case of the nebula N.G.C. 4594, Slipher 
found a radial speed of 1100 km. per second, and a rapid rota- 
tion ; the work has been repeated by Mr. Pease at Mt. Wilson ; 
he finds the radial speed to be 1180 km. per second, and the 


rotational speed 530 km. per second, at a distance of 2’ from the 


centre ; an unexpected fact about the rotational speed was that, - 


it appeared to vary proportionally to the distance from the centre, 
implying that the whole system is rotating in one piece, as 
though it were a rigid body ; as it is quite incredible that so huge 
a mass should really behave as a rigid body, the conclusion 
appears to be that the matter is so arranged that the attraction 
at any point is proportional to the distance from the centre ; it 
is well known that under this law of attraction the period is the 
same for all distances. It was long ago suggested by Sir John 
Herschel that globular clusters might be arranged in such a 
manner that this law of force would hold in them ; we now have 
the same suggestion extended to this nebula; it belongs to the 
spindle class, which are supposed to be spirals seen edgewise ; a 
black stripe in it seems to be caused by some opaque matter, and 
presents an inalogy to the absorbing lavers that we have referred 
to in our own galaxy. 

Nebule that are turned sideways do not permit of any veri- 
fication of the rotation by visual observation ; this can, however, 
be done in the case of other spirals, and Mr. van Maanen has 
made the attempt in Messier 101, for which photographs are 
available extending from 189 to 1915. 

Comparison of these gave evidence of a rotation towards the 
concave side of the spiral arms, combined with a radial outward 
motion. In the case of this nebula the rotational speed did not 
appear to be proportional to the distance from the centre, so 


possibly this is an exceptional arrangement. ‘The measures in- 


dicated a period of rotation of 85,000 vears for the region distant 
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5’ from the centre. This period appears very short compared 
with the estimates that have been made for the revolutions of 
stars in our galaxy round the centre; these are of the order of 
hundreds of millions of years. This suggests that the nebula is 
a smaller system than our galaxy. Mr. Pease has examined 
what the distance of N.G.C. 4594 would have to be if its rota- 
tion period were 85000 years. The result is about 25,000 light- 
years. He found that the nebular spectrum was of type F5, 
which is midway between the types of Procyon and the sun, and 
is also about the middle of the whole range of star spectra; this 
may possibly indicate that it is a composite spectrum made up 
of several types blended, the result being a sort of average of the 
whole. 

Mr. J. H. Reynolds has investigated the relative brilliance 
of different portions of the bright central region of the Great 
Andromeda Nebula, from a photograph taken with the 28-inch 
reflector at Helwan (M.N., LX XIV, 2). Thescale is 1mm. to 
69"; readings were made at every % mm., and the following 


values were found for the light-intensity : 


Distance from centre: 
mm. I 13 2 


6 
Brilliance: 375 104 50 30 16 


2 3 34 4 43 
I 6 4 


4 3 


ty 


> 


Mr. Reynolds notes that the variation of light would accord 
well with the hypothesis that the glow is due to the reflection of 
the light of a central star by scattered dust, the star itself being 
veiled from us by an opaque screen; I have already indicated 
difficulties in supposing that all the light is produced in this way, 
but a portion of it may be. Clearly the light of the central 
region falls off much more rapidly than we should expect if its 
light came entirely from stars. The star density would have to 
diminish very quickly as we pass from the centre; while we 
might imagine that the stars in the brilliant centre were so 
crowded together that they appear like a white cloud, it is diffi- 
cult to think that we should not be able to see the individual 
stars near the edge, where they must be much more thinly 


scattered. Hence Reynolds’s result supports the view that a 


= 


44 A. C. D. Crommelin 


considerable part of the central light is scattered and reflected by 
veils of dust. 

It used to be thought that the globular clusters were witbin 
our galaxy, but Mr. Harlow Shapley has lately demonstrated 
that some of the stars in the Hercules cluster have the B or 
Helium type of spectrum. Since stars of this tvpe have a very 
sinall range of intrinsic luminosity, it is possible te deduce the 
distance of the cluster from their apparent magnitude. It comes 
out 100,000 light-vears, which is probably far beyond the galac- 
tic limits, and of the same order as the distances found for the 
spirals) This lendssome probability to Hertzsprung’s suggestion 
that the globulars are star systems in asettled state, while spirals 
are the result of the interpenetration and mutual capture of two 
globular clusters. The very different galactic distribution of 
spirals and globular clusters is rather against the idea ; for if 
they occupy very different regions of space, it is difficult to see 
how enough collisions would take place to give birth to the 
great host of spirals. 

The idea of the spiral form being the result of collision is 
not new; it will be remembered in connection with the Plan- 
etesimal hypothesis of Messrs. Moulton and Chamberlin, The 
scale of the spiral nebulz is enormously greater than that of such 
a spiral as they postulated to explain our solar system ; but the 
form might arise from the same cause in each case, the appulse 
of two globular masses, which in the one case are suns, in the 
other immense systems of stars. 

Photographs of spiral nebula have lately been taken in 
America, using color-screens, so as to measure the relative actinic 
strength of different regions. The outer whorls of the spiral are 
found to be rich in blue light. Now in our own galaxy the 
Franklin-Adams photographs indicate a much smaller star-dens- 
itv in the galaxy than the visual observations of Herschel. It is 
a fair inference that the galactic stars are mainly red. Some 
have drawn the inference that the whorls of the spirals are un- 


like our galactic streams, But our galactic stars have probably 


suffered absorption of light from the large amount of scattered 
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matter whose presence has already been refered to; while in the 
case of spirals outside our system, the outer whorls have suffered 
no more absorption than the central portions. 

In studying photographs of the Andromeda nebula, one sees 
many cases where streams of stars seem to follow the lines of the 
spirals. I formerly regarded this as a proof that the nebula was 
within our star system, but it was pointed out to me that it was 
quite reasonable that some of the giant stars of another galaxy, 
especially those of the helium type, might be visible at the dist- 
ances usually assigned to the spirals. It will be remembered 
that a nova, of the sixth magnitude, appeared in the centre of 
this nebula in 1885. If we suppose it to have been of the same 
intrinsic brightness as our brightest galactic nove, and estimate 
their distance as 5000 light-years, we obtain 40,000 light-years 
for the nebula, which is of the same order as other estimates of 
its distance. 

In conclusion, most of the evidence seems to favor the extra- 
galactic position of the spirals; but if we once adopt this, it 
follows that they are of dimensions quite comparable to those of 
our galaxy. This, combined with the resemblance of shape, 
justifies us in concluding, at least as a plausible assumption, that 
they are similar formations. 

It is probable that they are at an earlier stage of their 
career, and that most of their component stars are in the Wolf- 
Rayet or other early stages, while much of their matter is still 
scattered and diffused in clouds, which reflect some of the star- 
light. 

If the distances found for these objects are anywhere near 
the truth, it would appear that the inter-galactic distances are 
not more than some ten times the diameter of our own galaxy. 
This is not a large factor of separation, and it would seem .that 
interpenetration of one system by another cannot be very rare. 
It will be recollected that one explanation of the two star 
drifts was that they were the result of two separate systems 
moving each through the other ; but their relative speed is too 


low to permit of the two groups belonging to separate galaxies. 
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Whether true or false, the hypothesis of external galaxies 
is certainly a sublime and magnificent one. Instead of a single 
star-system it presents us with thousands of them, some large 
and conspicuous, others faint and small through their awful 
remoteness. Our conclusions in science must be based on 
evidence, and not on sentiment. But we may express the hope 
that this sublime conception may stand the test of further 


examination. 


GREENWICH, 
ROYAL OBSERVATORY. 


THE VARIABLE STAR W VIRGINIS* 
By C. A. 


T HE variable star W Virginis {a 1320-9, § — 2° 52° (1900) | 

was discovered by E. Schonfeld,+ at Mannheim, in April, 
1866. He had used it as a comparison starin his study of the 
near-by variable I” Virginis, which has a period of 250°5 days. 
On April 7 he wassurprised to find the star somewhat fainter than 
he expected it to be from his comparisons made on April 1, six 
days earlier, and also in 1859. Observations made during the 
month following confirmed its variability, with a short period. 
Its limiting magnitudes were given as 8°9 and 10 and its color as 
reddish. Some seven months later the same astronomer refers} 
to the doubt in the determination of the elements of I’ Virginis 
caused by the use of IV Virginis. Observations of the latter 
from April 5 to July 11, 1866, gave it a period of 17 days. 

In a communication dated October of the following year 
(1868), Schonfeld gives$ an extended discussion of the star, 
based on observations made in 1866, April 7 to July 115 1867, 
January 2 to July 28; and 1868, February 16toJune 18. There 
were few well-determined maxima and minima, owing to unfavor- 
able weather. Using his entire set of 115 observations, 29 
normal places for a mean light curve were obtained. These are 
shown in a figure 1, and the smooth curve is that which Schon- 
feld adopts, though he states that the maximum appears notabiy 
less decided than the minimum, The period is given 17°2735 

*A more detailed account of this investigation, including a record of the 


observations will be found in Annals of the Harvard College Observatory, Vol. 


LXXX., part 12. 
td. N., Vol. LXVIL., p. 29 (No. 15386). 
+4. N., Vol. LAVIIL., p. 315 (No. 1628). 
34. N., Vol. LXXIIL., p. 14 (No. 172 
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days and the interval from the maximum to the preceding mini- 
mum as 8*1 days. 

In August, 1S71,* the observations made in 1869, 1870 and 
IS71 are discussed, as well as some comparisons by Auwers in 
earlier years, but they led to no appreciable change in the epoch 
or the period. 

In 1872, observations extending from the end of June up to 
September 8, with interruptions every one or two days, were 
made by J. F. J. Schmidt,+ of Athens. He states that the obser- 
vations were none too precise, and that the color was not strik- 
ing, being 3 on his scale, which means vellow-white. He 
obtained the same period as Schonfeld, but he says the star ferms 
a side-piece to » Aquiliwe, that there is a protraction of the de- 
creasing brightness. In all the four periods which he investi- 
vated there was a great anomaly in the time of the maximum, 
which led to the conclusion that there was a secondary mini- 
mum. Using only one comparison star, the light-curve shown 
in 6 Fig. 1 was obtained 

Schonfeld from his observations} in IS71 and 1872, was led 
to reduce the period slightly, making it 17°2728 days. The pub- 
lication of Schmidt's results led SchonfeldS to make an investi- 
gation to see if Schmidt's conclusion, that there was a secondary 
minimum, was correct. At the time of writing he had 242 
observations. He gives a table showing his normal brightnesses 
and also Schmidt's, after reducing them to the same scale. 
These are shown in d@ and ¢ Fig. 1. ‘The two curves differ 
decidedly at the maximum and Schonfeld concludes that the 
existence of a double maximum is very improbable. 

Schonfeld then constructed a new curve, from which he 
placed the maximum as S°2 days after minimum ; and he made 
a complete recalculation of all his observations and evaluated the 


times of maxima and minima. His new period is 17°27265 days. 


"A. Yok. p.. (Ne. 1857 
tA. N., Vol. LXXX., p. 142 (No. 1905). 

* A. N., Vol. LXXX.. p. 154, (No. 1906). 
§ 4. N., Vol. LANNE, p. 161, (No. 1933). 
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Fle then gives a table for the construction of the light curve 
shown ine Fig. 1. 


Schoufeld’s last report* on this star is dated Sepiember 19, 


Fic. 1. Licgur-CurvE oF HW’ VIRGINIS 
a, ad. e, by Schonteld ; 4, ¢, by Schmidt. 


Vol A$. p. 20, (No. 2066). 
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1875. It contains maxima and minima derived from observa- 
tions made in 1873, 1874 and 1875; and his final value for the 
period is 17°27231 days. 

No further observations are available until 1889. Between 
May 24 and July 24, Yendell* made 22 observations from which 
4 maxima were deduced by using Schonfeld’s light-scale and 
mean light curve. The same observer in the interval March 17 
to July 18 of the next year obtained 35 observations, from which 
6 maxima and 3 minima were deduced. 

During the vears 1889 and 1890 Hagen+ made 45 observa- 
tions on Ii’ Virginis. He remarks that there are peculiar diffi- 
culties with this star. Ttwo weeks of good weather are neces- 
sary for an independent determination of a maximum or a mini- 
mum and the moon should not be full near the time of mini- 
mum. Also the proximity of bright stars and the great distance 
of convenient comparison stars increase the difficulty. Four 
maxima and 5 minima were deduced. From a combination of 
Schonfeld’s and Yendell’s results the value 17°27148 days was 
found for the mean period, while from the mean light curve the 
maximum and minimum magnitudes were 8°9 and ‘5, respec- 
tively. 

Hagen's observations are shown in Figure 2. They are 
somewhat scattering and the curve does not suggest a secondary 
maximum, 

From his observations in 1891 and 1892 Yendellt determined 
the times of 9 maxima and 6 minima. On forming a mean 
light curve from his observations to date, 110 in all, he remarked 
that the normal lights indicated quite distinctly a secondary 
maximum about 4 days after the principal one, somewhat re- 
sembling Schmidt’s curve; but the observations were too few 
for a definitive determination. 


tad. J., Vol. X.,p.178. The observations are given in Publications of 
Georgetown College Observatory, ** Observations of Variable Stars 1884-1890.” 
122, (IgOT) 


Vol. XIL., p. 64 
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Between March 12 and July 18, 1893, Yendell obtained 21 
observations ; and between November, 1893, and April 2, 1894, 
he obtained 42 more. From these 8 maxima and 6 minima were 
deduced ,* 

In 1894, between June 19 and July 8, Sperra obtained 10 
observations and in 1895 from May 12 to June 24, 28 more. By 
means of these, 4 maxima and one minimum were deduced, the 
magnitudes ‘‘on the historic scale,’’ being for maximum, 8°95, 
S°7,8°9, for minimum, 9°6. 


| 
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Fic. 2. HAGEN’S OBSERVATIONS AND MEAN LIGHT CURVE. 


Yendell} reports 26 observations in 1896, between April 2 
and July 1; 15 in 1900, between March 25 and May 22; and 13 
in 1902, between April 28 and June 9. From these, 5 maxima 
and 5 minima were deduced. 

From May to July 14, 1907, 26 observations were obtained 
by Sperra$, from which } maxima and 2 minima were deduced. 
The magnitudes given are: for maxima, 9°0, 8°9, 8°9; for 
minima, 100, 9°9. 

*A. J.,. Vol. ta2‘a0d Vol. XIV., pi 
ta. J., Vol. XVIL, p. 67; Vol. NNIV., p. 93. 
A. 


J., Vol. XXVIL, p. 6 
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In the interval May ) to August 8, 1899, Wendell* made a 
series of observations on 20 days with the polarising photometer. 
The brightest magnitude measured by him was 9°54 and the 
faintest 11°07. The comparison star used was — 2°3684, mag. 
7°29. 

The observations are represented in Fig. 3, and the curve 


drawn shows a secondary maximum, though not of a pronounced 


character. 
gS F 
10°2 a 
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Phases (days) 
Fic. 3. WENDELL’S OBSERVATIONS AND MEAN LIGHT CURVE 

The present investigation was made with the photographic 
plates at the Harvard College Observatory. Asis well known, 
a very important part of the work there is to photograph every 
portion of the sky as often as possible, in this way obtaining a 
record invaluable for researches of many kinds. Over 200,000 
plates of various kinds are in the collection and 6000 or more are 


added each year. During a stay of some weeks at the Observa- 


tory the observations were made. In all, 584 plates with that 
4., Vol. LXIX., p. 44 
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portion of Virgo containing the star were available. On 80 of 
these there was no image of the variable, but an estimate of the 
upper limit of its brightness at the time by noting the faintest 
comparison star visible on the plate; the variable must have 
been fainter than it. Six of the plates had been bathed in 
erythrosin and hence were not directly comparable with the 
others. On 73 the star’s image was visible, but it was faint, or 
near the edge, or the plate was fogged. Thus there were 425 
plates against which there was no mark of imperfection or un- 
certainty. 

The dates of the plates ranged from April 24, 1891, to 
February 3, 1916. Those up to and including 1897 were 
obtained with the &8-inch Draper Telescope in Cambridge and 
the 8-inch Bache Telescope in Arequipa, the exposure being 
from 10 to 20 minutes. Of those of later date, 9 were taken 
with the Bache instrument, and all the rest, —with the exception 
of 3 in 1915 which were taken with the 4-inch Cooke Telescope,— 
were obtained with the l-inch Cooke Telescopes at Cambridge 
and Arequipa, the exposures ordinarily being 60 minutes, but 
sometimes extending to 80 minutes. 

The method of procedure is briefly as follows. On a photo- 
graph of the sky the brighter a star is the larger and denser will 
be its image, and so by scrutinizing the images on a plate it is 
possible to arrange the stars in order of brightness. Surround- 
ing the variable, and as near to it as possible, a dozen or more 
stars are chosen, the brightest of which is brighter and the faint- 
est fainter than the variable ever becomes. These are used as 
standards of comparison and their magnitudes must be carefully 
determined. This is done by securing on the same plate, under 
similar conditions, images of the comparison stars and also of a 
series of stars about the North Pole whose magnitudes have 
already been found, and then comparing the two sets; or, if 
other stars happen to be near by whose magnitudes are known, 
the comparison tars may be referred tothem. This determina- 


tion of the magnitudes of the comparison stars is, perhaps, the 


most difficult and most important part of the entire research. 
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Suppose the comparison stars to be designated by a, 4. c. .... 
and that their magnitudes are known. On examining a plate 
we find the brightness of the variable is between two of the com- 
parison stars, say 6 and c, and we judge that it is twice as neat 
todastoc. From this we can easily compute the magnitude, 
and, of course, the precise date of the plate is known. In this 
wav a large number of measurements of the variable can be 
made. * 

In the present case an attempt was made to determine the 
magnitudes of the comparison stars by making measurements on 
a series of plates taken for the purpose, but these plates were 
poor and the resulting magnitudes were extremely discordant 
and were rejected. 


The variable is not far from the centres of Kapteyn's selected 
areas 104K, 105 K and the Carte du Ciel regiou 132 00m, 2°-5, 
The four sequences were measured on each of two plates taken 
with the l-inch Cooke Anastigmats, one in Cambridge, one in 
Arequipa, The measures were reduced with m ignitudes already 
derived for the three special regions by comparison with the 
North Polar Sequence on the series plates. ‘The average devia- 
tion of a single magnitude from the mean of three thus obtained 
tor each star is + O'122 magnitude. A large part of this is due 
to systematic errors depending on the varving distance from the 
centre of the plates measured. There may also be some small 
difference in the scale of magnitudes as adopted for the three 
regions. As some of the sequences are nearer the centre of the 
plates than the variable, while others are more distant. it is 
probable that the effect of differential corrections for distance js 
small, after the means have been takeu. After correcting the 


esiduals for systematic differences, the average deviation of a 
single magnitude from the mean of three is + 0-069 magnitude. 


The magnitudes depending on 100K, 105K and the Carte 


lu Ciel region 13>, - 2°°5 were adopted for scale. In order to 
diminish the accidental errors, the rejected magnitudes derived 
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from the series plates have been reduced graphically to the same 
scale. Also measures on four 1-inch Cooke Anastigmat plates 


have been made and reduced in the same way. 


The magnitudes finally adopted for the comparison stars are : 


Designation Magnitude Designaticn Magnitude 

9°37 c 
b 9°53 c 11°O7 

é bl 9°95 
be 10°35 11°49 
bi 10°57 el 11°69 
10°6I g 11°Q4 


The phases were obtained with Chandler's formula for this 
star, J.D. 2,402,708°27 + 174°2711 E. 

The light-curve obtained by using all the 498 plates on 
which the star’s image appears (with the exception of those 


bathed in erythrosin) is shown in Figure 4. The plates were 


grouped by phases. Those with phases between - S¢5 and 
and — 745 were combined, and the mean of their magnitudes 
« 
10°2 - 


10°4 


10°O 


» 10'S 
= 
4 i 1 1 i i A ad. 4 
4 2 +2 +4 +0 +S 
Phases (davs) 
Fic. 4. Mean Ligur-Curve FROM 498 HARVARD PHoTo- 
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was taken as the magnitude at phase — S¢Q; similarly for these 
between 745 and — 645, — 65 and andsoon. The 
magnitudes thus obtained are shown by dots. The plates were 
also grouped in the same way but with different limits for the 
phases. Those between S?O and — 740 were combined, and 
the mean magnitude obtained was taken as that for phase 
— 745, and soon. In this wav the magnitudes indicated by the 
small crosses were secured. A smooth curve was then drawn 
through these points. 

It will be seen that the star is of the 6 Cephei type, its” 
period being one of the longest vet found. ) Ophiuchi, period 
17113, and 7 Monocerotis, period 27¢012, seem to be the only 
ones with periods approaching it. 

The curve also shows that the true time of maximum is 
approximately 205 earlier than that given by the formula, and 
that the rise from minimum to maximum requires about 6°37, 
which is not far from the customary one-third of the period. 
The descent to minimum is so protracted that it almost forms a 
secondary maximum, very similar to 5S Sagitte.* 

In order to test for a correction to the period, the difference 
in phase ‘‘curve’’ minus ‘‘observed,’’ for magnitudes between 
10.50 and 10°70 were plotted as ordinates against Julian Days as 
abscissas. There was no suggestion that a change of period was 
required. 

During the examination of the plates it was noticed that an 
adjacent star showed changes in brightness. On investigation it 
was found to be |’ Virginis, which is less than 29 south follow- 
ing Hl Virginis. 

In conclusion I wish to express my appreciation of the many 
courteous favors received from Director Pickering and his staff, 
but especial thanks are due Miss Leavitt for the material assist- 
ance given by her. 

UNIVERSITY OF TORONTO, 


December 1917. 


* See Shapley, 4p. J., Vol. NLIV., p. 273: Contributions trom Mt. Wil 


son Solar Observatory, No 124, p. 16 
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LOCATING SUB-MARINE FAULTS 
By KLotrz 


N the paper on ‘‘ Velocity of L Waves’’ by the writer, pub- 
lished in the Bulletin for the Seismological Society of Amer- 
ica for June last, No. 2, Vol. VII., it was stated that ‘*‘ it is not 
unreasonable to believe that with high-class seismographs and 
expert readings of their records we would not only be able to 
obtain the average position of the epicentre but also the position 
and direction of the fault line itself.’’ Since the above was 
written the writer has recently received from Perth, West Aus- 
tralia, a copy of the seismogram obtained there for the earth- 
quake of May 1, 1915, and which was so universally recorded. 
In the July-August number, 1916, of this JouRNAL the 
writer published the position of epicentres of earthquakes for the 
latter half of 1914 and the whole of 1915, in which the above 
quake is included, and the adopted epicentre was given as N. 
19°, and 155°°9 E., being south of Onekotan Island, off the 
southern extremity of the peninsula of Kamtchatka, and on the 
margin of the Kurile Deep. It may be stated that in plotting by 
the stereograpbic method and using the Klotz Tables the inter- 
secuion of the various ares from the stations used did not all 
intersect exactly at the same point, however the weighted inter- 
section had the above geographical co-ordinates, Now comes 
the photographic copy of the gram from Perth, a beautiful record 
with sharply defined /? and S, and which cannot be mistaken. 
The only regrettable feature is that its time-scale is rather 
cramped, and the time marks only at the hours. But notwith- 
standing this slight draw-back the deduced distance 9280 km., 
even allowing for possible range of uncertainty due to time-scale, 
shows clearly that the epicentre for this gram was not as far 


north as given above. Combining the distances of Perth, Zi-ka 
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wei and Honolulu, the last two the nearest stations to the seismic 
region, we obtain an epicentre off the island of Urup, 7. ¢., in or 
along the Kurile Deep. The evidence seems irrefutable that we 
have an epicentre off Onekotan and one off Urup both on or in 
the Kurile Deep. Re-reading and measuring on the 30-inch 
globe the various distances of other stations giving good records 
to the nearest point along the line giving the above two epi- 
centres, better accordances are secured than if wetry to join them 
all to one point—to one epicentre. The conclusion is forced 
upon one that we have to deal here with a break-down along a: 
fault line 500 km. long, running in a N EK —S W direction, the 
trend of the well-known Kurile Deep, and the seat of much 
seismic action. Perth lies approximately on the great circle 
passing through the Kurile Deep. 

The Perth gram as read here gives 7.5" 15™ 36s, S 5 24™ 00s, 
hence S—P 10™ 24° equivalent to 9280 km. The deduced 0 is 
5h O1™ while the mean of Ottawa, Harvard, Berkeley and 
Kskdalemuir is 5° 00™ 06s. There is, undoubtedly, an error of a 
minute in the Perth seismograph clock, but that does not affect 
the distance nor location of the epicentre. One might advance 
the argument that the break started at the northern end and was 
a minute in travelling southward the 500 km., but this will not 
hold, as the mean of the times of Zi-ka-wei and Honolulu, nearer 
to the southern than to the northern end of the fault line, is 
5) 00m 125, so that the minute clock error of Perth stands out 
clearly. 

It is believed that this is the first instance of an attempt at 
locating a sub-marine fault. There is no reason to doubt that 
in time sub-marine faults along which seismic disturbances occur 
will be definitely located in all the oceans. This knowledge will 
have a thoroughly practical bearing on sub-marine cables, in 
determining the position of breaks, which is determined electric- 
ally by the cable itself as explained in the article ‘‘ Cable Lay- 


ing,’ pp. 404-407, by the writer, in the volume ‘‘ Annals and 


Aims’’ of the Pacific Cable, 1905; and also in future cable lav- 
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ing in pointing out dangerous lines to be avoided for the cable 
route. 

With reliable seismograms, and more particularly with 
accurate and correct interpretation, a wide panorama of interest- 
ing and valuable results looms up. The location of epicentres 
will expand to location of fault lines, and, furthermore, when 
our absolute times of record are reliable within a second we will 
have the means of following the break down from beginning to 
end. At present we deal with earthquakes on the assumption 
that it is one sudden break at a point or along the line or surface 
of adjustment of stresses. If this is not the case the comparison 
of seismograms from different stations well distributed about the 
seismic area will tell us the story of what happened, when it 
happened, how and where, as weil as how much energy was 
released in the adjustment. It is believed that there is already 
a great deal of material on hand in the form of seismograms that, 
if brought together and dealt with by a master hand, would 
reveal much of the interior of the earth, would furnish us 
material for improving and extending our tables and velocity 
curves, so that we would reach the stage of detecting along cer- 
tain paths of the seismic rays anomalies in density, elasticity and 
rigidity, thereby extending a helping hand to the investigator of 
gravity anomalies. At present co-ordination and collaboration 
are required. In closing this brief note it may be pointed out 
that when the earthquake is one sudden break down, then the 
O's for all stations must theoretically be the same. But the epi- 
centre deduced from various pairs or Zroups of stations will not 
necessarily be the same, as is obvious when we consider the dis- 
turbance to occur along a fault line of considerable extent. The 
P aud S at each station would come from the nearest part of the 
fault line. It may be observed that although Galhtzin was able 
in many instances to give from the records of one station 
supplied with his instruments, one with the two horizonal 
components and the other with vertical component, the 
approximate position of the epicentre, vet the offsets he has 


to measure on the seismogram to get the azimuth are = so 
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small that the range of the resulting position of the epicentre is 
much larger than the position obtained from the intersection of 
two arcs, by the method usually pursued. The Galitzin method 
was an achievement of high merit at the time, but it can not in 
accuracy compare with a determination made from three stations 
with good grams. It is hoped that this short paper will stimu- 
late others in the analysis of the records of seismograms with 
the view not only of the location of epicentres, but of fault lines 


if they participated in a seismic disturbance. 


DOMINION OBSERVATORY, 
Orrawa, CANADA 
September 28. 1917. 


MEETINGS OF THE SOCIETY 


At Toronto 


December 18, 1917.—The meeting was held in the Society’s 
Rooms, 198 College St. The President, Dr. A. D. Watson in 
the chair, 

Mr. Miller gave notice of motion that a committee be 
appointed to choose some other word in place of the word 
‘‘Centre’’ in reference to our Society. 

Mr. F. F. Jones, Comber, Ont., and 

Dr. W. E. Cummer, 75 Balsam Ave., Toronto, 
were elected members of the Society. 

The following nominations were made for membership in 
the Society : 

Dr. L. G. Pearce, 211 Wellington St., Brantford, and 

Capt. Jos. A. Pearce, D.S.O., 585 O'Connor Ave., Ottawa. 

Mr. A. F. Miller reported making several measurements of 
the radius of the lunar halo on November 24 and obtaining an 
average of 23°. 

The President and Professor Chant referred to the * pillar’ 
of light seen above the Polson Pattern Works fire some days ago 
and stated that no satisfactory explanation had as yet been found 
for it. 

Mr. Miller, the First Vice-President, gave the lecture for the 
evening on ‘‘ Stellar Parallax.’’ The lecturer referred to his 
former pape in explaining the meaning of parallax and then 
described methods and instruments used for the purpose of 
measuring stellar parallax. 

W. E. W. Jackson, Rec.-Sec. 
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At OTTawa. 


November, 1917.—The first meeting of the fall term was held 
in the Geodetic Survey Building, 3.30 p.m., the President, 3 
McArthur, being in the chair. The lecture, entitled, “Photogra- 
phic Photometry,” was given by Mr. R. M. Motherwell, of the 
Observatory staff. 

Mr. Motherwell gave a general description of the methods 
followed in obtaining the measures of the brightness of the stars, 
i.é., their reiative magnitudes. Most of the lecture. however, 
dealt with the methods of photographic photometry and in par- 
ticular the method followed at the Dominion Chservatory. This 
method is known as the extra-focal method and is so named be- 
cause the stars are not focussed precisely upon the plate, but a 
little in front of, or behind it, so that the images on the plate are 
enlarged into discs. The relative brightness of these may be 
judged by comparing them with other images upon the plate, made 
by artificial means and of varying magnitudes of known ratio. 
The exact magnitude of a star is determinable when the artificial 
images are compared with a star whose magnitude has been de 
termined and which has been included upon the same plate. 

The lecturer showed, by means of lantern slides, the instru 
ments used by him in his work and described the difficulties en 
countered in that work. These difficulties are increased by the 
present wartime conditions which prevent necessary supplies from 
being secured. The colored glass used as filters in making the 
artificial images on the plate is one of the needs which cannot be 
supplied at this time. 


November 16.—The second meeting was held in the Carnegie 
Library, at 8 p.m. The President was in the chair. Mr. F. A. 
MeDiarmid, of the Staff of the Geodetic Survey, was the lecturer 
of the evening. His subject was, “Longitude Observations in the 
Peace River District.” 


Having been engaged during the past summer in making 


longitude observations in the district, the lecturer was able to 


fi 
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speak authoritatively of the nature of the country at the present 
time, and as the lecture was illustrated throughout by many beau- 
tiful slides it was easy for his audience to follow him. The 
country was shown to be very fertile indeed, and pictures showing 
the nature of the gardens and the grain crops were a surprise to 
many. The garden crops are rather better than in Ontario, for 
the season, though short, has such long, warm days that the 
growth is very rapid and this tends to produce crops of crisp 
fine vegetables. 

In describing the work done, Mr. McDiarmid showed the 
instruments used and informed his hearers that the making of 
longitude observations had been done by securing a through tele- 
graph wire from Ottawa to the station occupied and then com- 
paring the time at Ottawa with the time in the field. The former 
is obtained at the Observatory with the usual permanent instru- 
ments and the latter is obtained in the field with a portable transit 
outfit. It proved to be a difficult task to get a through free wire. 
In some cases atmospheric conditions interfered, and in one case 
a lady operator in an intermediate station was annoyed by the 
instrument tapping seconds and opened the line. 

The following were elected members :— 

Miss A. Tyers, 147 Pretoria Avenue, Ottawa. 
Mr. H. G. Barber, Topographical Surveys, Ottawa. 
Mr. John Corway, 78 Mullin Street, Montreal. 


November 23.—At the third meeting, Mr. G. B. Dodge, 
D.L.S., of the Topographical Surveys Branch, read a very inter- 
esting paper, entitled “The Geodetic Comparator of the Dominion 
Lands Surveys Laboratory.” 

Mr. Dodge’s paper consisted of a description of that portion 
of the apparatus at the Surveys Laboratory which, although em- 
ployed mainly for finding the exact lengths of the tapes used by 
Dominion Land Surveyors, is also adapted for testing measures 
of length of any description. When it is remembered that steel 


and other tapes are used for measuring lines often miles in length, 
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it can be easily seen that an error of a fraction of an inch in such 
tapes would be multiplied many times, and would introduce large 
discrepancies into the distances measured by surveyors. As the 
Dominion has become more settled and the exact definition of the 
boundaries of parcels of land become more important, it is very 
necessary that surveyors should be able to measure with the high-° 
est degree of accuracy attainable. Mr. Dodge traced the develop- 
ments in the standards used for measuring land from 1891 to the 
present time. While in 1891, on account of imperfect standardiz- 
ing, measurements could only be relied on to 36 inches per mile, 
the tapes now used are standardized to a degree that would only 
cause an uncertainty from this source of less than one-tenth of an 
inch per mile. It was explained that the Surveyor General is now 
required by law to furnish Dominion Land Surveyors with meas- 
ures, the length of which is accurately known. These tapes are 
now measured at a special building on Mackay Street, Ottawa. 
The unit of length now used in most countries is the “Inter- 
national Metre,” which is the length between two marks on a 
platinum-iridium bar kept at Paris. The Surveys Laboratory 
unit is also a bar one metre long which has been compared at 
Paris with the International Metre, and through it with the Im- 
perial yard. It is to be sent to Paris from time to time for a re- 
comparison, in order that there may be no undetected change in 
its length, a trouble not unknown in work of this nature. The 
elaborate apparatus described by Mr. Dodge is contained in a 
building having no windows and with walls four feet thick, so 
that the inside may be maintained at a constant temperature. 
l'urthermore, a system of electric heaters, controlled by a ther- 
nostat, regulates the temperature to within about a degree Fah- 
renheit. In all tests, delicate thermometers are used and a descrip- 
tion was given of some of the thermometer testing apparatus at 
the Surveys Laboratory, the possession of which enables the 
laboratory to frequently standardize their own thermometers as 


well as any others received for test from outside sources. 


Mr. Dodge also illustrated a portion of the tape comparator, 
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which we were pleased to learn was both devised and constructed 
at Ottawa, and which permits of tests being made rapidly but 
without sacrificing any accuracy. The speaker briefly mentioned 
some of the precautions necessary in the tests undertaken and in 
conclusion pleaded for a comparison to be made between the 


present Canadian legal standard and the International Metre. 


December 7.—The fourth meeting was held in the Carnegie 
Library, Mr. R. M. Stewart occupied the chair. The lecture, en- 
titled “Early Surveying Trips in the Canadian West and Alaska,” 
wes given by Mr. J. J. McArthur, D.L.S., President of the Centre. 

Mr. McArthur’s lecture dealt with the Canadian West as he 
found it when he went out there as a surveyor in the early 70’s. 
His talk was profusely illustrated by lantern slides. These showed 
the nature of the country as it was then and the costumes and 
homes of the people. Proceeding farther west towagd Alaska, the 
country became increasingly rugged until finally the Rocky Moun- 
tains were shown in a series of slides. These pictures had been 
taken from the highest possible elevations for the purpose of being 
used for photographic surveying. This was an especially inter- 
esting feature of the pictures as it is quite unusual for a traveller 
to see the mountains spread out in panorama before him. One 
view, taken at Field, B.C., looked straight down upon the Kicking 
Horse River, some 6,000 feet below. The elevation was so great 


that the surroundings seemed almost drawn on a map. 


December 14.—The Annual Meeting of the Cttawa Centre 
was held at the Carnegie Library. The President, Mr. J. J. Me- 
\rthur, was in the chair. 

The reports of the Treasurer and the Secretary showed that 
the Centre closed the year with a small credit balance, and that 
the membership in spite of resignations had been maintained and 
a gain of one member made. 

The election of officers resulted in the return of the entire 
I:xecutive of last vear. 


k. A. Hopcson, Sec. 
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NOTES FROM THE METEOROLOGICAL SERVICE 


SuMMARY REPorT OF THE WEATHER IN CANADA 
DECEMBER, 1917 

Temperature.—Over the far northwestern portions of the 
Dominion, in Yukon and Northern Alberta, the past mouth was 
the coldest December ever recorded since regular observations 
have been taken, and from Saskatchewan eastward over Mani- 
toba, Ontario and Quebec, and into the western parts of the 
Maritime Provinces, there have been but some two or three 
colder. In Dawson, Yukon, the mean temperature for the 
month was 52° below zero, about 42° below average. In Alberta 
the negative departure ranged from 15° below average at Cal- 
gary, to 25° below at Edmonton. In Saskatchewan the negative 
departure was about 18%, in Manitoba from 11° to 16°, in Ontario 
aud Quebec from 7° to 15° below, and in the Maritime Provinces 
it ranged between 7° below in western districts to only 1° below 
in Cape Breton. Westward from Southern Alberta to Vancouver 
Island the negative departure gradually lessened, until at the 
coast the mean was but 1° below normal. The great cold set 
in over Yukon during the first few days of the month, and soon 
spread into the Western Provinces, and then eastward, lasting 
with few intermissions throughout the month. In Ontario and 
Ouebec there were not over six days when the daily mean was 
average or above. 


Precipitation. —Precipitation was excessive in British Colum- 
bia, and on the Lower Mainland was mostly rain, but on the 
Upper Mainland there were many snowfalls. In the Western 
Provinces the snowfall was very generally in excess of average, 
but nowhere heavy. In Ontario and Quebec there were a few 
days of rain and many of snow, which on two occasions was 


very heavy. In the Maritime Provinces there were two heavy 


rainfalls and many days with moderate snowfalls. 
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TEMPERATURE FOR DECEMBER, 1917 


STATION 


Yukon 
Dawson 
British Columbia 
Atlin 
Agassiz 
Barkerville 
Kamloops 
New Westminster 
Prince Rupert 
Vancouver 
Victoria 


Western Provinces 
Battleford 
Calgary 
Edmonton 
Medicine Hat 
Minnedosa 
Moose J aw 
Oak bank 
Portage la Prairie 
Prince Albert 
Qu’ Appelle 
Regina 
Saskatoon 
Souris 
Swift Current 
Winnipeg 


Ontario 
Agincourt 
Aurora 
Bancrott 
Barrie 
Beatrice 
Bloomfield 
Chapleau 
Chatham 
Clinton 
Collingwood 
Cottam 
Georgetown 
Goderich 
Grimsby 
Guelph 
Haliburton 
Huntsville 


December 


Highest 


-40 


Gs Gs NN 


Lowest 


—62 
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STATION 


Kenora 
Kinmount 
Kingston 
Kitchener 
London 
Lucknow 
Markdale 
North Gower 
Oshawa 
Ottawa 
Paris 

Parry Sound 
Peterboro® 
Port Arthur 
Port Burwell 
Port Dover 
Port Stanley 
Queensborough 
Ronville 
Southampton 
Sundridge 
Stonecliffe 
Stony Creek 
Toronto 
Uxbridge 
Wallaceburg 
Welland 
White River 


Quebec 


Brome 
Father Point 
Montreal 
Quebec 
Sherbrooke 


Vartlime Provinces 


Charlottetown 
Chatham 
Dalhousie 
Fredericton 
Halifax 
Moncton 

St. Jobn 
Sussex 
Sydney 
Varmouth 


67 


December 


Highest 


Lowest 


! 
NaN 


= 


- 


ww 


28 
37 ~44 
45 : 
38 -14 
41 
40 -21 37 ~23 
50 37 -12 
54 :9 44 er 
- 54 10 39 -21 
535 20 40 
50 28 44 -14 
35 —2> 
4° 
27 
55 -28 4° 
hy oO 
34 ~42 4 
20 40 
43 
28 -38 39 iy 
~34 
3° -38 
6 43 
42 
39 
42 
43 
-h 35 
40 -19 37 
39 -24 38 
37 42 39 
35 ~28 3° 
42 40 40 
—22 
25 40 
43 - 2 42 -tg 
40 -10 40 -20 
45 - 4 35 -25 
39 20 44 
45 
44 II 40 -20 
45 is 
36 ~45 48 10 
35 40 5! 1 
== = 


TORONTO 
SIR FREDERIC STUPART, DIRECTOR. 
?.T. = Preliminary Tremors, S. =Secondary Waves. L.W. 
=Air Currents. Time is Greenwich Civi] Mean Time, 0 or 24 h = 
No. Date P. r. S. Comm. L.W. Max. End 
1917 Comm. Comm. 
B h m h m h m h m h m 
1790 Dec. 20 2 56°0 2 57°6 3 
Attend 18 10°3 ) > 
7 2 18 24°2 20 05°5: 
1792 21 2: 21 16°6 21 22°5 
1793} 23 14 38°38 14 42°9 
1394, 23 16 06°60 16 
1795 26 447°2 5 4 5 19°5 
706 ** 5 37 Ree 
1790 ) 53814 5 30°5 55 1 
4 26 6 36°5 6 30°38 6 48 2 
13.55°7 ) 
13 59°4 \ 4 
799 2: 44°50 23 4377 
20 27°09 
‘ , . 
1500 29 20 4 20 49°4 
Sor, ** 29/22 57 25 123 09°8 23 15° 03+ 
sO 29 2725 23 09" “3 '5°9 2 05°0 
23 04°47 
3! 16 41°74 16 55°8 
2 10 35°5 
Boom period 18 seconds. Pillar inclination 1mm. 


Earthguake Records . 


EARTHQUAKE RECORDS BY THE MILNK SEISMOGRAPH 


Large Waves. re 


midnight, 


Max Remarks 
Amp. 
mm ling. 
0°3 Gradual thicken- 
60 Alaska. L. may 
be S. phase. 


oS A.C., P masked. 


0°5 

07 

o'2 


May be dual ex. 


Thickening. 


dis- 


Guatemala 
astrous quake. 


Thickening. 


” 


o”"45. 


6s 
Cc. 
| 
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VICTORIA, B.C. 
F. N. DENISON, SUPERINTENDENT. 
Mi 
No Date P. 2s Ss. L.W. = End ax. Remarks 
1917 Comm. Comm. Comm. Max. Amp. 
h msjh mis hms h m sj mm 
1So1 Dec. 20 2 50 00 o'l 
1502 ** 21 17 §5 21 18 02 39 19 47 7°O 2660km. Alaska 
21 2051 18 14 210010 2105 05 21 39 30 | 9°3 23590km. Alaska 
- 22/14 20 33 14 22 32 3157) O°2 |p. may be L. 
1305; 23 14 20 37 |14 22 OF 32 43 0-2 |[phase. 
S06 2315 48 54 1§ 50 52 15 58 14 | Pp. may be L. 
26 454 26? 4 58 52 5 Ol 20 50318! 0-2 Iphase. 
oS 26 § 4255) 545 58? 5 4857 5 5155) 5 50 53} O73 
1Sog ‘* 26 6 49 27 or! 
10 26 13 36 |13 4902113 4201 13 44 30/13 51 26! 0°73 
wir ** 28 19 20 212249 21 28 16'22 50 2°O 2070 km. 
ims * 29 20 39 33 20 42 33 20 44 93 20 49 33 «~O'2 
Siz 29 22 58 Cg (23 03 30 2307 26 23 17 46 25 09 24) § "5 3570 km. Guata- 
38 16 29 06 jlmala 
Boom period 18 seconds. Pillar incliration 
VERTICAL SEISMOGRAPH 
Date S. Max. 
1gl7 Comm. Comm. Comm. Amp. 
h m i m h m n m h m > 
1 2117 59 O218 O2 5618 O3 4518 07 58 ? 67 2360 km, 
2521 19 O§ 21 22 4721 23 4721 27 49220200? 67 (2220 km. Alaska. 
29\22 58 1923 01/23 If 3123 17 15 ? 23 (4990 km. 
*True earth movement. 
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Magnetic Observations 


MAGNETIC OBSERVATIONS 
NOVEMBER, 1917 
The month of November was marked by the absence of any 


large disturbance either at Agincourt or Meanook. Small ones 
were recorded on November 11, 13, 19, 25, 26 and 27. 


AGINCOURT MAGNETIC OBSERVATIONS 


Lat. 43° 47’ N.; Long. 79° 16’ W. 


November, 1917 D. West Il Z I 
Mean of Month 6 37°7. 15919 55422 74 45°4 
Maximum 7 15993 55473 
Date of Maximum 26 12 12 
Minimum 6 15°8 15810 55341 
Date of Minimum 1g 27 2 
Monthly Kange O 44°5 183 132 
Mean Daily From hourly readings 41 9 
Amplitude (From means of extremes 16°2 62 27 


MEANOOK MAGNETIC OBSERVATIONS 


Lat. 37° 20° W. 


November, 1917 LD. Kast Z I 
‘ ‘ 

Mean of Month 27 45°9 12943 60540 77 500 
Maximum 28 48°0 
Date 14 
Minimum 26 37°5 
Date 26 
Monthly Range 2 10°5 

Mean Daily ( From hourly readings ° 

Amplitude ¢ From means of extremes 25°9 

Iiand Z are given in Gammas. (1) C.G.S.). 


All results are reduced to International Magnetic Standard. 

The value for I at Meanook is the mean of all the observations made during 
the month without regard to the time of day. 

The value of I] at Meanook is the mean of two observations made about ti 
niddle of the month, and the Z is obtained by the formula 7 H tan I. 


W. E. W. J. 
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ASTRONOMICAL NOTES 


THE ELECTRON THEORY.—There must surely be a very 
close relation between the structure of atoms and the motion of 
the electrons within them and the spectra of the elements. Some 
years ago an element called nebulium was discovered by its spec- 
trum in the great nebula of Orion. The element has not been 
found in the earth. Nicholson, from a study of the spectrum of 
nebulium, came to the conclusion that the atom of the element 
contains four electrons rotating about a positive nucleus. Atthe 
same time he said that there were two of the spectrum lines of the 
nebula which he could not account for by this hypothesis. The 
same day that he presented his paper in England an astronomer, 
Wolff, gave a paper in Heidelberg in which he showed that the 
nebula consists of two parts, and the two lines which Nicholson 
could not explain came from a different part of the nebula from 
the rest. The tWo workers were entirely independent and were 
interested in different problems, so that the coincidence is remark- 
able, to say the least. 

A few years ago we were accustomed to think of atoms as 

‘manufactured articles,’’ indivisible and unchangeable. The 
phenomena of radio-activity and the electron theory have demon- 
strated that atoms are extremely complex entities which may dis- 
integrate into simpler parts. The conclusion is almost irresistible 
that they may also be formed from simpler parts. The atoms 
are also tremendous storehouses of energy for which we have not 
yet foundthe key. During the last sixty years chemists have de- 


ciphered the structure of thousands of compounds of carbon. A 
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hundred vears ago this knowledge would have seemed an impos- 
sible dream. ‘To-day it is a practical reality, lying at the very 
foundation of our manufacture of dyes and explosives. Our 
knowledge of the structure of atoms is still a dream with very 
shadowy outlines, but I think we may be confident that a not very 
distant future will see this dream translated into definite details. 

I think we may be quite certain that the electron theory is 
with us to stay, although the theory has found many changes 
and a very rapid development during its short life, and I cannot 
do better than to close with the words of Professor Thomson : 

‘The theory is not an ultimate one ; its object its physical 
rather than metaphysical. From the point of view of the physic- 
ist, a theory of matter is a policy rather than acreed. Its object 
is to connect or co-ordinate apparently diverse phenomena, and 
above all, to suggest, stimulate, and direct experiment. Itought 
to furnish a compass which, if followed, will lead the explorer 
further and further into unexplored regions. Whether these 
regions will be barren or fertile, experience alone will decide ; but 
at any rate, one who is guided in this way will travel onward in 
a definite direction and will not wander aimlessly to and fro.’’— 
W. A. Noyes, Journal Franklin /nstitute, January, W118. 


NEBULA.—As noted before, the majority of the nebula here 
discussed have positive velocities, and they are located in the 
region of the sky near right ascension twelve hours which is rich 
in spiral nebulae. In the opposite point of the sky some of the 
spiral nebule have negative velocities, 7. ¢., are approaching us ; 
and it is to be expected that when more are observed there, still 
others will be found to have approaching motion. It is unfor 
tunate that the twenty-five observed objects are not more uni- 
formly distributed over the sky as then the case could be better 
dealt with. It calls to mind the radial velocities of the stars 
which, in the sky about Orion, are receding and in the opposite 
part of the sky are approaching. This arrangement of the star 


velocities is due to the motion of the solar system relative to the 


stars. Professor Campbell at the Lick Observatory has accumu- 
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lated a vast store of star velocities and has determined the motion 
of our sun with reference to those stars. 

We may in like manner determine our motion relative tothe 
spiral nebula, when sufficient material becomes available. A pre- 
liminary solution of the material at present available indicates 
that we are moving in the direction of right asension 22 hours 
and declination — 22° with a velocity of about 700 km. While 
this number of nebule is small and the distribution poor, this 
result may still be considered as indicating that we have some 
such drift through space. For us to have such motion and the 
stars not show it means that our whole stellar system moves and 
carries us with it. It has for a long time been suggested that 
the spiral nebulze are stellar systems seen at great distances. 
This is the co-called ‘‘island universe’’ theory, which regards 
our stellar system and the Milky Way as a great spiral nebula 
which we see from within. ‘This theory, it seems to me, gains 
favor in the present observations. 

It is beyond the scope of this paper to discuss the different 
theories of the spiral nebulz in the face of these and other ob- 
served facts. However, it seéms that, if our solar system evolved 
from a nebula as we have long believed, that nebula was probably 
not one of the class of spirals here dealt with.— V. M. SLipHEr, 
Ph.D., Proceedings American Philosophical Society, No. 5, 1917. 


Tur CANALS OF MARS.— HISTORICAL SUMMARY.—A brief 
reference may now be made to some of the earlier explanations 
of the Martian canals, omitting the more absurd and improbable 
ones, such as that they were ploughed up by glancing asteroids, 
or that they were isthmuses between hight colored seas. ‘The first 
canal and lake clearly seen and accurately plotted were Nectaris 
and Solis Lacus, which appear on Beer and Maedler’s map of the 
planet in 1840. Upto 1877 about a dozen astronomers, includ- 
ing Dela Rue, Secchi, Lockyer, Iassell, Kaiser, Dawes and Green 
had each seen a few canals. Proctor had indicated half a dozen 
on his map in 1867, and Flammarion a few more on his in 1876. 


In 1878 Schiaparelli first attracted general attention to the sub- 
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ject, however, by publishing a map containing some forty canals 
and several lakes. Since then they have been widely discussed, 
but only very few explanations of them have ever been generally 
accepted. 

The first to meet general favor was that they were really 
water channels. This was discredited somewhat later however, 
when it was shown that some of them crossed the so-called seas. 
The next suggestion was that the surface of Mars consisted in 
large part of desert areas, and that only the comparatively small 
dark spots or seas were due to vegetation. This view still holds, 
and is in fact generally maintained at the present day. Ther 
came the suggestion that the canals were bands of vegetation 
watered by invisible central ditches. This view was enthusias- 
tically embraced and adopted by the late Dr. Lowell, and in its 
original form was first published by him in 1895 in his book en- 
titled ‘‘ Mars.’’ Through his skill as a popular lecturer and 
writer, and also owing doubtless in part to his addition to it of 
the suggestion that the water was pumped through the ditches 
artificially, thus making the suggestion much more picturesque, 
this view has been very widely accepted by the general public. 

It has indeed, heretofore, always been found very difficuit to 
account for the canals without having recourse to some sort of 
intelligent action, and various suggestions based on this idea have 
been offered to explain them, none of which however, as our in- 
formation increased, have proved entirely satisfactory. Owing 
to the increased accuracy of recent observations we are now be- 
ginning to learn the real shape of the canals, and that once deter 
mined, it was but a step to apply to them Ferrel’s theory of the 
winds. The writer is, therefore, now prepared to offer this ex- 
planation of all the broader and more important canals to the 
astronomical world, and particularly to the meteorologists, for 
their criticisms and suggestions, in the hope that they may find 
n it a more satisfactory explanation of this much discussed 
phenomenon than in those theories that have preceded it. 


With regard to the narrower or secondary type of canals, it 


should be noted that they only appear late in the season, but are 


bg 
4 
4 
4 


Astronomical Notes 75 


then very numerous. Over 599 have been located and named at 
the Lowell Observatory since its foundation in 1894. The main 
<juestion to be settled regarding them is as to their origin. (a) 
Are they artificial, as has been claimed, or (4) do they simply 
indicate the paths of local more or less accidental showers, or 
finally (¢c) is their uniformity and apparent straightness merely 
an illusion, like that of the lunar pseudo-canals, visible with an 
ordinary opera glass, which resemble them, and are described in 
detail in Report No. 6? 

Without attempting to decide between these explanations, 
the writer is inclined to believe that there are certain positions 
where these canals readily form, and certain others where they 
are seldom seen, and that there is a great deal still to be learned 
with regard to them. 

Especial attention should be paid to their curvature, hourly 
changes, duration, stability of position, longitudinal development, 
and the formation and disappearance of any lakes in connection 
with them, Since on account of the season on Mars. this will be 
an unusually favorable opposition for their study, every one able 
to distinguish them should do all in his power to settle the ques- 
tion of their origin. There is no question, however, but that 
they are very difficult telescopic objects, and it is probable that 
there are but three observatories in the world, namely, those 
which have resolved the Aristillus test, that possess the necessary 
combination of climate and equipment to see them distinctly. The 
Lowell Observatory is already definitely committed to the ex- 
planation that they are artificial, and in an any case the seeing 
there in the early spring is not as good as it is later, with the 
arrival of warm weather. It is uncertain whether the Jarry- 
Desloges Observatory at Setif will be opened this year on account 
of the war, but it is known that if it is, it will not have the 
observers and equipment that it employed in former years. Our 
station, although well enough equipped for the study of the 
broader canals, will suffer in the study of the finer ones from the 
smallness of our aperture. Every effort will, nevertheless, be 
made to solve the problem this year, if it is possible to do so.— 
W. H. PICKERING, Popular Astronomy, January, 1918. 
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EDWARD EMERSON BARNARD.— The flags were flying high 
at the Yerkes Observatory on Sunday, December 16, in honor of 
the sixtieth birthday of Professor Edward Emerson Barnard, 


senior partner at that institution. 


Born at Nashville, Tennessee, 1857. In charge of the 
observatory of Vanderbilt University, 1883-1887. Astronomer 
at the Lick Observatory, 1587-1895. Professor of Practical 


Astronomy in the University of Chicago, since 1895, and astron- 
omer at the Yerkes Observatory from 1897 to the present. 

In the afternoon the members of the colony on observatory 
hill, numbering with the children about forty, gathered at the 
home of Director and Mrs. Frost. Each of these present 
addressed to the guest of honor some original or quoted senti- 
ment or verse appropriate to the occasion. 

Letters of congratulation and greeting, which had been 
received without the knowledge of Mr. Barnard from most of 
the astronomers of the country, and from other of his friends, 
were read. -A cablegram in the name of the Roval Astronomical 
Society, signed by President McMahon, arrived just in time, 
with telegrams from others in the United States. 

All of the greetings were particularly cordial to both Mr. 
and Mrs. Barnard, and expressed gratification at their continued 
health and activity. The great work that has been accom- 
plished by Professor Barnard in thirty-five vears of tireless astro- 
nomical research was mentioned in terms of the highest appre 
ciation by the writers of the letters. The hope was generally 
expressed that Mr. Barnard’s work might continue in its present 
full volume for many years to come.—In Popular Astronomy for 
January, 1918. 


LIQUID OXYGEN AS AN and Scientific 
Press, Vol. CXV., No. 20, p. 705, November 17, 1917. )—Utiliza- 
tion of liquid oxygen to form an explosive in connection with 
carbonaceous material has been revived by Mr. George S. Rice, 


of the Bureau of Mines 


J. R.¢. 
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NOTES AND QUERIES 


Communications are Invited, Especially from Amateurs. The Editor will try to 
Secure Answers to Queries. 


MCRE PARALLAX DETERMINATIONS. 


Part I. of volume 4 of the Publications of the Allegheny 
Observatory, which has just been published, is a notable contribu- 
tion to the problem of measuring the distances of the stars. It 
contains the parallaxes of fifty stars and an extended account of 
the method pursued by Schlesinger at Allegheny. 

The instrument used was the 30-inch Thaw Photographic 
Refractor and the work began in September, 1914, a few days 
after the objective was installed. In his work with the Yerkes 
(Visual) Refractor, of aperture 40 inches, Schlesinger found that 
the length of exposure necessary to bring out sufficient compari- 
son stars was, on the average, more than five minutes. With the 
Thaw Refractor this average is only a little over half a minute, 
while with favorable atmospheric conditions, satisfactory images 
of tenth-magnitude stars can be secured in ten seconds. Taking 
all the circumstances into account, it is estimated that a visual 
refractor, used with or w‘thout a color filter, will require expo- 
sures ten or twelve times as long to bring out equally strong 
images of equally faint stars, as compared with a photographic 
refractor of the same focal length and aperture. -The Cassegrain 
reflector also is mmferior on account of the small field of good 
definition. In the Mount Wilson reflector, of aperture 60 inches, 
the available field has an angular area which is less than two per 
cent. of that of one of the Thaw plates. As a consequence it is 
necessary to use generally very faint comparison stars, and the 


length of exposure is several times as long as with the visual 
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refractor, and many times as long as with the photographic 
refractor. 

Since the work began the parallaxes and proper motions of 
nearly 200 stars have been determined, and at present 200 parallax 
plates on the average are being secured each month. In selecting 
comparison stars, if possible four well-situated ones are used; if 
not available, three are used. From an investigation into the 
modest amount of material so far secured, Dr. Schlesinger finds 
that it is sufficient to indicate the shift of our sun with respect to 
the comparison stars. 

In looking over the summary of results, it is interesting to 
note that the brightest of the fifty stars, 8B Arietis, has a magni- 
tude of 2.7 and the mean magnitude of all is 4.5. The parallaxes 
are, as a rule, very small, averaging (without regard to sign) 
0”.03, which corresponds to a distance of 109 light years. The 
nearest of all is ms Cassiopeiae with parallax of 0.143, or dis- 
tance of 23 light-years. 


DEATH OF TWO WELL-KNOWN ASTRONOMERS. 


With regret we record the death of two of the Honorary 
Fellows of the Royal Astronomical Society of Canada, namely, 
Arthur Matthew Weld Downing, M.A., D.Sc., 
and Clement Henry McLeod, F.R.S.C., Mem- 
ber Can. Soc. 

Dr. Downing was elected an Honorary [Fellow in 1898, at 
which time he was Superintendent of the Nautical Almanac. He 
died suddenly on December 8, at the age of 67 years. 

Professor McLeod was elected a Corresponding Member in 
1893, afterwards being transferred to be Honorary Fellow. He 


was professor of astronomy, surveying and geodesy, and in charge 


of the observatory at McGill University. He died on December 
26, aged 66 years. 
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A HANDSOME GIFT. 


We have pleasure in reprinting the following notice from 
The Civilian, the Civil Service organ, of Ottawa, of January 4, 
1918 

“It is seldom we have the pleasure of recording a gift of the 
nature of the following, by one of our distinguished civil servants. 
Dr. Otto Klotz, who with the late Dr. W. F. King, his predecessor, 
founded the Dominion Astronomical Observatory at Ottawa, was 
recently appointed Chief Astronomer and Director thereof, an 
appointment thoroughly in keeping with the principle of promo- 
tion for merit; an appointment.also that was most gratifying and 
satisfactory to the Observatory staff, who knew and appreciated 
his technical qualifications. 

“Since his appointment Dr. Klotz has most generously 
donated his technical library of some 2,000 catalogue numbers— 
the collection of a life-time—to the Observatory. Many of the 
numbers are monographs, presentation copies from the authors, 
while among the collection are such choice works as Boyle’s 
“Natural Philosophy,” Greaves’ “Weights and Measures,” Mau- 
pertuis’ “Measure of an Arc of the Meridian,” and others now 
long out of print. 

“As a scientist, Dr. Klotz is well known in both hemispheres, 
and is one of our most respected citizens. We congratulate him 
for his generous act and splendid gift, and trust that his example 
may be an incentive to others in the Service who may possibly, 
too, have made scientific collections, to donate them eventually 
to their respective branches.” 


“WITH A SOUTHERN EXPOSURE.” 


During the summer of 1917 Professor A. P. Coleman, of the 
University of Toronto, made an extended tour of South America. 
Dr. Coleman is a distinguished geologist, and besides desiring to 
see a portion of the world which he had never visited, he wished 


to search for fillites, i.e., boulders formed from glacial clay and 
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exhibiting glacial striations. In the course of 4%4 months he 
visited Brazil, Uruguay, Argentina, Chile, Bolivia and Peru, and 
he was successful in discovering the evidences of glacial action 


a 


which he sought for. 


The first place he went to was Rio Janeiro, -vhich is in south 


latitude 22° 54’, and he reports the winter there as very enjoyable. 


He tells of a U. S. judge who, to escape the sultry New Jersey 
weather, went to Rio every year. On his first visit the judge, on 
registering at a large hotel, impressed on the clerk that he must 
have a room “with a southern exposure.” The clerk tried to ex-. 
plain that these were not their best rooms, but the visitor would 
not listen, and so got what he asked for. It is not necessary to 
say that he did not get what he expected. 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 
Officers for 


Honorary President—]. S. PLAskerr, B.A., D.Sc., Victoria, B.C. 
President—-ALLAN F. MILLER. 

First Vice-Prestdent--|. &. COLLINS. 
Second Vice-President--Orro KLtorz, LL.D., D.Sc., F.R.A.S,, F.R.A.S.C. 
Secretary--W. E. W. Jackson, M.A. Treasurer--CuHas. P. SPARLING. 
Recorder--A. F. HUNTER, M.A. Librarian--PROFESSOR C. A. CHANT. 

Curator-—-ROBEKT S. DUNCAN, 
Counctl-- The above Officers, and the following members :— Rev. I J. 


KAVANAGH, M.A,, D.Sc., S.J., Montreal; Rev. Dr. MARSH, F.R.A.S., Picker- 


ing; Sir Porr, K.C.M.G., Ottawa; SarreRLy, M.A., D.Sc., 
Toronto; Sruart StTrRatrHy, Toronto; Dr. W. M. WuNpbkER, Toronto; and 
Past Presidents ANDREW ELvins, JOHN A. PATERSON, K.C., M.A.; SIR 
FREDERIC STUPART, F.R.S.C.: Professor A. T. DeLuRyY, Professor Lovis B. 
STEWART, ALP@ERT D. Warson, M.D.; and the presiding officer of-each Centre 
as follows: J. J. McARTHUR; W. A. LoGan, C.E.; J. M. WILLIAMS; JAMES 
Durr, M.A.; E. Powe; H. J. B. Leapiay, and A. W. McCurpy. 


OTTAWA CENTRE 


President—J. J. MCARTHUR. V ice- President--C. A. BIGGER. 
Secretary--R. M. MOTHERWELL. Treasurer--D. B. NUGENT, 


Council. -Dk. W. BELL Dawson, G. B. DopGE, THOs. FAWCEIT, 
PETERBOROUGH CENTRE 
Local President--W. A. LOGAN, C.E. Vice-FP resident—-T. A. S. Hay. 
Secretary- Treasurer--T. C. 
Council--l1. O. Fisk, C.E.; DUNCAN WaLker, B.A.; D, E. Easson, B.A.Sc.; 
HeNRY CARVETH, 
HAMILTON CENTRE 
Honorary President--W™M.,. Bruck, J.P. 
Local President--{. M. WILLIAMS. A, ROBINSON, 

Secretary---T. H. WINGHAM, B.A. Se. Treasurer—--SENECA JONES. 

Council J. }, Rev. J. J. Morron, Miss [. M. WALKER. 

REGINA CENTRE 
Hon. President—- Dr. W. W. ANDREWS. 
Hon. Vice- President--N. MacMurcuy, B.A. 
President-- as. Durer, M.A. Vice- President-- Mr. TRELEAVEN, B.A, 
Secretary- Treasurer--W. G. SCRIMGEOUR, M.A, 
Auditor—)|, FE: CAMPBELL, B.A. 
Council--T. H. BissonNerTe, B.A.; E. R. Murray, H. S. MacCuiune, 
Miss E. D. Garuro, B.A. 
WINNIPEG CENTRE : 
President--¥. Powers. Vice-President—]. 
Secretary- T'reasurer-—DR. J. W. CAMPBELL. 

Council-—-C. E. Bastin, B.A.; Rev. FATHER J. BLatn, S.J.; J, W. Harris, 
Mrs. Howry, H. R. Kincsron, M.A., Ph.D.; Pror. L. A. H. WARREN, 
M.A., Pu, D., F.&.A.S., 

GUELPH CENTRE 
Honorary President--|AMES Davison, B.A. 
President--H. J. B. ADLAY. 
ast. Vice-President- KR. R. GRAHAM, B.A.Sc. 
2nd Vice-President--L1.-COLONEL D. McCr@. 

Secrelary-Treasurer-~|. MCNiecer, B.A. Recorder-—-R. F, BENNETT, M.A. 

Council-~Mrs. J. J. Miss MILts, F. A. GRAESSER, PRoF. W. H. 
Day, M.A.; H. Wesropy, J. M. Taycor, Sr.; J. W. GHARLESWORTH, 
W. LartpLaw and Cot. A, H. MACDONALD. 


VICTORIA CENTRE 
Honorary President—Dr. J. S. PLASKETT, B.A., D.Sc., Victoria, B.C. 
President--A. W. McCurpy. Vece-President--W. S. Drewry, C.E. 
Secretary--G. S. MCTAVISH. Treasurer-—\. P. HIBBEN. 
Auatior—JAMES FORMAN. 
Council--THOMAS SHOTBOLT, F. NAPIER Denison, K. M. Cuapwick, J. T. 
SHENTON, J. Umpacu, F. C. GREEN, and A, SYMONDs, 
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